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Inclusive Pion-Proton Scattering

Abstract:

The reactions w+ p 3 17+ vee and 7T+ p 3 K + 29
will be studied over a wide range of the Feynman variables
X, Q and S in order to test the conjectured scaling law for
hadron collisions and study the form of the yield distribu-
tions, Particular attention will be paid to the vicinity of
X = 0, The experiment will be carried out with a simple one-
magneat spectromeier which takes full advantege of the kine-
matics and has wide acceptance and the capability of high
precision,
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Inclusive Pion-Proton Scattering

I Introduction

Some recent conjecturesl on the nature of higﬂ energy hadron
collisions have led to quantitative predictions as well as to a
heuristic pictdre of these interactions. The predictions have nqt
been tested at hicgh energiés; much of the older data at low energies
is not of high statistical guality and not all of it was taken with
the proper choice of kinematic variables. New experiments at lower
energies are under Qay and the results will be available for compari-
son.with high eneréy data.

The reactions with which we are concerned here which are expeéted
to give some understanding of hadron structure and high energy colli-
sion processes are M+p?T+anything. and 7 + p + X + anything.

Inclusive Proton-Proton scattering has been studied at ANL, BNL

£ ' '

and CERN over a limited range of kinematic conditions buthas alxeady
vielded soms interesting gene;alizations about high energyv collisions
and.some significant comparisonggwith very high energy cosmic ray data.
Inclusive Pion-Proton reactions have thus far been studied oniy in
bubble chamber expériments. A University of Washington group has an
experiment‘in progress at SLAC to study mp Scattering at energies up
to 16 Gev. Single pion yields with 2% accuracy for a variety of
kinematical conditions should be available Qithis a year. (Figire 1)

Feynman has proposed a scaling iaw for the yield of hadrons in

high energy hadron collisions. BAs s becomes large the yield is



expacted to approach

dxdp £(0,x)

V2t 0%n?

s/4

Qhere X = P;/ /gyz; Q = R&'

Aside from the 1/E* factor the yielé becomes independent of é
and depends only on the transverse momentum and the longitudirnal
momentum suitably scaled. If existing accélerator data is multiplied
by E* it can be seen that ihe functien £(Q,x) is nearly factorable
into £(Q)g{x) and in fact can be fit over a limited region, at least,

by functions of the form

-b(g+0°)

M -ax
e e

If the vield is integrated over x and Q we expect to cbtain the average

v

nelastic cross section. If the

]
[

0

multiplicity of final pions times th

x dependenca of g{x) in the immediate vicinity of x=0 is ignored then

field and hence the multiplicity can be seen to be
proportional tc g{0) log s/so. Thus g{0} can be compared with data
taken at other enesrgies, in particular with low energy data and with

cosmic ray data and the onset of the asymptotic region (i.e. no s-depend-

. 2-4
ence) can be found. On the basis of existing 30 Gev p-p data we believe

17

that the "scaling” is already in effect at least to within 15 or 20%.

Data to be taken &t NAL at 50, 100 and 170 Gev/c should confirm the

scaling law and provids values for g{0) and éo as well as giving the

. - =3 ~ s Ld ot -
modals have basn proposed to fit and interpret high enert

data”; anmong these are the thermodynamic model and the multiparipheral wod
which is uncer atoiva stugjlo at U, of W, The latest wversgion will soon b2

able to fit gy p data,



3.
It would be of very great interest to carry out an experimental
test of these conjectures in a simple direct way at the start of NAL
experimental operations. The experiment is quite straight forwarq;for
fixed incoming pion energy one measures the distribution in x of out-
going pions at several selected Qalues-of Q. This measurement is
carried out for-three or four beém energies and the function f(x,Q)

can be extracted.

II Pion Proton Scattering

We propose a measurement of 7t and W.-yields‘with better than 1%
staiistical accuracy under the kinematic conditions given below.
Data for the two charges should be iﬁteresting for distinguishing

leading pions from pionization.

Table I
Beam momentum = P‘£ 50, 100, 170 Gev/c
| . Q .2, .3, .4, .5 Gev/c
X 0§x<.4

D ata in this range of x can be obtained with one spectrometer setting..
Eight combinations of Py and Q would be chosen for major data ?aking
runs. The beam momentum need not be especially well defined for this
experiment; AP/P of several pefcent woula be fine. We would accept
data over a range of about 10% in Q for each magnet setting. Actual
‘values of Q and x for each event would be determined with a magnet—wife

chamber spectrometer to be described below.



4.
The precision requiremants are modest by NAL standards; we will need
angle measurements good to about % mrad and momentum measurements to several
-percent depending on production anglej at small production angles where the
momentum, in our scheme is not well determined, the poor precision does not
affect the quality of the data (see figure L ). We are, after all, looking
for the smooth behavior of the yield as a function of Py and x and not for
structure, Threshold Cerenkov counters would distinguish pions from kaons
and protons and a shower-wire spark chamber at the downstream end of the
apparatus would tag electrons, A simple hodoscope system will be used to
select triggers and to tag spark chamber tracks,
The apparatus to be described below will accept pions over a range
of x roughly from x = o to 4 for a fixed value of G and kacns over most of
that range; it is designed so that a range in Q of about 10% is accepted for
4511 these values of x, To compute an approximate data rate we assume a
60 cm long liquid hydrogen target, a maximum scattering angle of 140 mrad
. and an average azimuthal angular acceptance of the detector of 2%; for small
scattering angles of ‘the o acceptance will be comparable although the
Cerenkov counter is longer, The event rate per piomn is
30 10727 x 6 1023 x 4 x .02 x .50 x .05 = .36 10~% per pion
o w, tH, M Ax ' Alq
where we have estimated an

30
(@)Y

]

cceptance of 507 in x and 5% in Q, The

e limited by the Cersrnkov counters and will be

b
ifferent ranges of production angle, The cross

i

multiplicity of pioms of a given charge with the leading pion excluded
since it tends te have a larger x, (Figure 3)

At a pion rate of 107 per pulse we will get about 360 events per pulse
which is convenient from the point of view of data handling and deadtime,
At this rate we can collect 325,000 events/hour at each spectrometer setting,

Backzround rates in the upstream spark chambers can be estimated by
using the entire charged particle multiplicity and unit acceptance in Q, This

O

gives abeut 2 x 10% per second or about 50 ysec average spacing between back

LQ

ground evengh; this is wmuch greater than the sensitive timer of any chambers

1

that might be used, Suitable trigger hodoscopes will select secondaries in

3t

the de

red range of Q,

@®
o
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6.

4,  Cerenkov Counters

In order to cover our desired range of x values for beam momenta from
50 Gev/c te 170 Gev/c we must be able to detect pions from 1.5 up to 80
Gev/c.

" Cerenkov counte

this large range we

.To cover will require three separate but similar

rs, Counters Cl and C3 are of such length that it probably
will prove necessary to build them in modular sections,
counters are the same diameter, this means that they are essentially the
same counter, with C3 merely having more modules, '
The working index of refaction for Cj and C3 can be taken from figure
Hydrogen has been chosen as the rad ljator because ¢f the relatively high

number of photons/cm produced (0,11 photons/cm/atmosphere between 3500 A and

But since these two

5000 A for \
1ndex is not as
and 1nter Lion

£

B

amounts o

to about 6 liter

figure 5

c

hydro

compared

high as so

oYyers

of the

o

to 0,027

the

considerably smaller for hydrogen,

¢
photons/cm/atmos, for helium}? The

heavier but the multiple scatterin

The

gases, g

the two counters are not large, corresponding

region from 10-30

3&e

so that multi

As C; is a one atmosphere
Csq will have to hava

s not

e

15 Afm, ‘his

As indicated on

and C4 from 30-8C Bev/c,

"
o]
-
o]

counters are then determined by the

Cerenkov cone,

Each of the countars will be viawed

th a quartz or fused
he walls of the

1z

down to 1800 A,

1~

d

N

ffles will be inserte t
5

rays,

a gul
A proposed design for

's from X's below 10 Bev/c,

i1l u 12 as

se

Freon a rad

&

(absolute), depending on

is placed downstream

ple tering 1 Jindow r ia
ple scatte in the windo o

of angles,

(o h

o
(nd

top of the in% erﬂf*'““
- . ..

yield of pions and kaonsover most of



7.
the x region with adequate statistical accuracy,

The Cl counter ﬁould be built as a protoﬁype for C3 and itself poses no
special problems; its designtgbnstruction can easily be carried out at the
University of Washington, We will also design C3 and coastruct the mirror
and phbtomnltiplier sections; final assembly will have to be done at NAL,
The low momentum counter Cp requires a pressure window of faifly large
diameter but similar pressure windows for a Cerenkov counter have already

15
been built and we anticipate no difficulty,.

5, Shovwer Spark Chamber
Electrons among the secondaries will be tagged by a shower-wire spark
chamber array at the extreme downstream end of the spectrometer, Preliminary’

estimates show that it is not difficult to intersperse layers of high Z

r

o

IS

=e

m

- R
17}

with wira chliambers to have high efficiency for generating an
1

electromaznetic shower but low probability for hadron collisions (in particular
(=4

]
Y
[£:]

- for r ® production), Such a shower detesctor is currently in use by a University
of Washington group doing n + p— d;+}f’at the Berkeley cyclotron, The system
works well but a different readout mode may have to be developed for the NAL

-

vely high.

o

experimant where data rates are relat

Three hodoscope arrays will be used to select output angles to generate

chamber triggers and gates, The output aanzles that we want to select~

angles within a few mrad of 0°, With the separations shovn in the figure

the hodoscope counters could be approximately cone inch wide so that the

total number of counters is not excessive, 4in alternate method would be to

use proporticnal chambers in a self gating mode, doing fast 1ogic on the

ﬁire outputs before storing the data, In either case the trigger rate should
\

be no wore than about 307 higher than the desired event rate, The hodoscope

U, cf W,

et

design would bz conventional and they could be built a

7. Computer
An on line computer will accumulate data from the wire chambers,
hodoscopas, Cerenliov ccunters etc, The data storage rafe per event will be

approximately.



Hodoscopes (trigger) 100 bits
Hodoscopes (beam) - 12 bits
Cerenkov counters 21 bits
Wire chamber_bank§‘sl 120

52 120

S3° 120

Sy 80

sC 300

for a total of about 900/event or 50 18 bit.words, The computer will

edit the data, form histograms,-compute trajectories and store a condensed
versicn on magnetic tape, With an event rafe,of close to 500/sec the
transfer rate is about 75,000 6 bit bytes per second so high speed, high

al data condaznsation,

I=te

density tape drives will be neaded as well as substant

4

e
We would expect that & suitable computer would be avallable zt NAL, Detailed

specifications remain to be worked out,
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‘Table II

Personnel for inclusive Np scattering experiment at NAL

Faculty

1., Prof, R, W, Williams
© 2, Prof, J, Rothberg

3. Prof, Vv, Cook

&, Prof, K, X, Young

5. Prof, D, Wolfe

Research Associates

. Dr, A, S, Schenck
« Dr, L, Sompayrac
« Dr, H, Romer

.« to be named

N e

Graduate Students

"1, to be named
2, to be namad

Technical Staff

« T, Proctor (Computer Engineer)

. 4, J, Jaske (Physicist)

Mechanical ZEngineer (to be named)

S. Shankman (Electronics Technician)

Ll NI
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10,

11,

12,
13,
14,
15,

16,

SLAC experiment number 68 which is scheduled to run in Spring 1971,
Many of the present authors are involved in the SLAC experiment,

R. Hagedorn, Nuovo Cimento Suppl, 3, 147 (1965) ‘

R, ﬁagedorn and Ranft, Nuovo Cimento, Suppl, E, 169 (1968)

J. Orear, Physics Letters, 13, 190 (1964)

G. Cocconi, Nuovo Cimento, 574, 837 (1968)

L. Caneschi and A, Pignotti, Phys, Rev, Letters, 22, 1219 (1969)

A, Pignotti, N, Bali and D, Steele; private comminication and ¥, Bali
International Conference on Particle Reactions at the New
Accelerators, Madison, Wisconsin (March 1970) '

We take advantage of the observation that Py =P Sine?p and that for
a magnet of field B we can have app;oximately Blagg = 1313 p Sinf?p =

" 1313 Pt where the constant 1313 has dimensions X gauss-in/Bev.

Thus we have

Q Bev/c }%dL Kg-in
.2 267
3 400

N 534
.5 667

Private Communication: W, Baker‘

Time resolutions of up to 35 nsec have been achieved, Private communicatidn:
D. Nygren (Columbfa). Qur group is in the process of building
proportional chambers for an experiment at SLAC, \

Poirier and Romanowski, Threshold Cerenkov Counters in Secondary Beams at
N&T. 1968 NAL Summer Study Vol, 3

Yu, Gorin, et, al,, High Resolution Cerenkov Counter: submitted to
Instruments and Experimental Methods

H, Hinterberger, Lavoie,.Nelson, éumner, Waison, Winston, Wolfe,

R, S, I, 41, 413 1970
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Figure Captions

Peyrou plots for 10 Gévtf”p collisions into a typical channel

Pion production. angle vy, laboratory momentum 100 Gev incident
pions, various values -of Curves for B = o2y o3,
.4 are plotted, ' :
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Cross section, as function of incident momentum for various
mueltiplicities
Plan of the spectrometer and showing Cerenkov counters C1, Cp,

C3; spark chambers S; S, Shower chamber SC; hodoscopes BHj,
BHp, Hi, Hp, H3

1-D and Hydrogen pressure as function of laboratory momentum for
detecting various particles

A sketeh of <ounter C1 ahowin spherical mimor, baffles and

photomultipler moment,

aq
cr
ooy
{4



Wp—priw i’ ) L aAT 5 Govic

[Faoied]

TRANSVERSE MOMENTUM , GeVie

c.m. LONGITUDIMAL »OMENTUM, GoVic
™

momeantum versus ¢, m. longitudinal momentum

Fig. 3. Distribution of transverse m e
ced in the reaction s g~ pi % w7 at 16 GeV/e.

for the protons and plons produc

Figure 1



. ) * ’ .\:%W.»C\-.\



Vo

oy

o
Vablna

[

e



00—\ : e ey
b -
;

b wTp TOPOLOGIC GRISS SECTIONS

10 s
¥ -2 proncs 4
& i!.-.ne
-3 4
1 prangs
.g ¥ inctastic
- ‘/J_' <
> . for—8prongs
& S
-1 .
15
5)—' 4/10 prongs:
v T
-y
<o
c
o

%rz prangs |

N / .//

g

’.

I
1’3

3
(<]}



BT e S PR S UV PPN T S

RS N M TS it TN £ b e ke e o g e

i

i

N,
3
o

L sy i s

e &

[P
e —

AT S s e s At

e A ST
.
o ~.
'l\ N
e NS A T

]

o X\/> m.){l,l

e N.‘-Qw,.w.n,ﬁ,\ AT i kA e b, -

Yo

—1
Y




b dorsat

P(Hz) in ATM.



ot o s o+

A

eSS |
e
e )

&
—
™
[ ettt
S
,
{
3
]
t
+
+
L
o
]
13
i
i
1
1
\
H
i
{
1
-
==

\Z

hA ; . \0 A

ﬁﬁ&.\ﬁ: m@ﬁ! muﬁﬁ.»a q,m@\r . mU !




UNIVERSITY OF WASHINGTON
" SEATTLE, WASHINGTON 98105

Department of Physics

16 November, 1970

Dr. J. R. Sanford
N.A.L.

P.0. Box 500
-Batavia, Ill. 60510

Dear Jim:

We enclose a supplement to our Proposal #23 to do inclusive
Tp scattering. We have outlined the extent to which we can
use the apparatus which will exist for experiments 7 and 61,
We also include the results of much more detailed studies .

of the optimum setups to obtain the kinematic regions we want,
and background studies.

We request that the Program Advisory Committee consider our
proposal at its December meeting.

Sincerely yours,

RWW:1c R. W. Williams
ENC:1 Professor of Physics



Supplement to Pronmosal #23, Inclusive mp Scattering
University of Washington, 16MNov./70

In view of “‘he present status of proposals 7 and 61 we are
-submritting a revision of our proposal for the study of incius;ive-
'pion—pfoton collisions.We have modified our original proposal
in several resvects and are now able to specify in greater detail
‘gome of the apparatus,set-up and backzrounds. '

We plan to study secondary pions and ka2ons and have
extended the kinermstic region which we will investigate.The

‘region will ve bounded by the laboratory varisbles p,moméntum
and 5%,prdduction sngle ac follows: |
: 3¢ 8, K200 Mrad,
LhSe p & 6o Gy

These bounds will perzit us to accept events within a wide
range of x and Q (depending on incident momentum pi) as given
in figure 1. To justify the choice of these bounderies we note
thaet a production a2ngzle of 200.mrad. is as large as one can getA
o e=eily with a relaiively small aperture megnet,This choice
of anzle includes the interesting x=0 region for all of the
transverse momenita and incident momenta that are expected to
be interesting.lLooking at secondary momenta below 1.5 Gev/c
‘then adds lit:le useful range. -

At the upper morentun end the limitations are clear if we
write the aporoximate kinematic relations: pé%,zQ and x=p/pi';
the first relation nolds for our entire region and the second
for x > 0.06 . Ve have thus imposed a limit on x of 60./pi .
which 211lovws us %0 go beyond x=0.6 in 1ozt cases.This odvviaies

~the necessity for doing particle ldentification beyond a
momentu: of 60. Gev/c meaning shorter,more effective Cerenkov
counters =nd larzer solid angle.Looking at the leadirg vion in

the forward direction seems at this point less interésting anywey.
The minimum production angle is determined by the ability |

t0 measure that angle precisely enough;with a short lever arm;of

less sirnificence is the limitation imposed by beam svot size.

b-de

© + 3 . —~oa
A transwparent view of the reguircencnis on pisc

S

sion cen be obieined
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using the above kinematic approximations as well asf the relation:
pé-= R=T +PEm

where { is the effective fiéld ‘of the magnet in units of
transverse momen‘cum and QM is the measured angle of thev
secondary particle 1eav1n" the magnet. ‘I‘hen we have, 1n terms
of measureable quantl’nes:

S

. Bp-6m | x P (8= 6m)

(ﬁ" - a _T-he megnet 1s used in a mode in which

-0 Q matches the desired value of Q so

@m is nearly zero but must be measurped
.of course.

St AX ~ ’ |
e é‘f A8 D% , AP
- a 5 P
y n _ p A§P< ' S_;:ang G~ is small compared ‘_co QP and
v —f; e since Bm can usually be measured

'QP to higher precision than @P ;2 long
lever zxym is aveilsble dovrns tream of the mzgnet.The contribution

to measurement error from muliiple coulomb scattering depends

on momentum both direc_tly and through the Cerenkov £as pressure.
Determination of x and ¢ to 10% at the very smallest

production angles =znd to about 2% at other angles seems attainable

and is consistent with checking SCc,.llIlo behav:Lor as a function

of incident energy at the several-percent. level
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1. Beam

The réquirements set by proposal #7 are very suitable for our
purposes. We will require at }east 106 useful beam.particle per pulse
.with Cérenkov counters to identify inciden£ particles and a scintillation‘
couﬁter hodoscope to ﬁag incident-éngies. ‘Ah angular ?ééolution of 0.1 Qréd
is gquite adequate and is not as strinéent asithe fequirements of Prop. 7.
A mémentum spread of several percent is acceptable without.the ﬁeed.fpr
momentum tagging. The angular divergence requested by thg memo §f Noﬁ._4
Afrom Novey (Prop. 61) is also adequate but ﬁe can accept a loﬁef intensity‘
Iagd woﬁld prefer-to tag pa;ticleé.‘ The beam épot size is no; critical if
it can be made smaller than 2 cm diameter. The maximum rate that we can
- tolerate depends on factors.to be considered below but-also.depends some-

- what on contamination of electrons etc.

-?._ Spectrometer
a) A suitable magnet would resemble the Argonne BM-109 discussed by
-both ?;op, 7 and 61. A magnet with the dimensions 8" x 24".wide.x.f2“'long
with an ;ffective fiéld up to‘aboﬁ£ 1000 Kg-inches uniform to about 0.5%
over at least 26“.horizonta11y would be consistent withour spectrométer.
With a magnet of such dimensions we will need to place it at three
-different distances(d) from the hydrogen target to enable us to cover the
. range of production aﬁgle(ﬁp)needed and at the same time get the necessary
.précigion'in production angle.. The error in measuring produ@fion angle
will come both from errﬁr in beam diVe;gencg ABB and from éésition error AS
in proportional chaﬁbers before magne.. Thus we would like

"As < 08

T V.1 mrad or V2% of ABP whichever is larger. is needed for
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reconstructing secondary momentum and to find X and Q.' For values of

X 3;06 the approkimate relation AL o ég-hold. Furthermore the momentum

40

- error %g-is approximately ~§E- if we assume that the angle of thé

' secondary after the magnet czn be measured as precicely as necessary.
'be-6<x<.06 the requirements on ‘angle measurement afe not severe;

| Aep = 5 mrad is good enough. (See fig. 2)

- The three magnet positions which will cover the range of production

angles 3<6P<200 mrad and which will simultaneously permit a sufficiently

‘long lever arm to keep Aep small are tabulated below.

Range of Typical
4a A6 -

_ P 8p {mrad) Momentum range
2.5m.  lmrad  50-20¢ . 1.5 - 10 Gev
4.5 m. .3 mrad  20-65 3-20 Gev

11.5m. .1 mrad 3-25 8-40 Gev

The lever arm which can be used for angle measgrement and which ﬁas been
ﬁsed to compute AGP is, of course, smalier than tﬁe tabulated distances d;
In eachlposition the magnét is oriented pérpendicular to the origiﬁal beam
directiﬁn)it is‘simplyutranslatéd downstream. The movemen£ caﬁ be carried
but either by rigging or by rails but will nced to be performed only a very
few times during the run.

The_distances have been chosen so that only about one foot bf the
magnet aperture is used for the higher momenté énd somevhat more is used
below 16 Gev. The Cerenkov'counter which wil; identify high momentum
secondaries will héve an aperture limited to'oné foot or less while the
much shorter Cerenkov counter which'wé will éonstruct_for the low momentum

region will have an acceptance of about twenty inches.
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b) Secondary particle trajeétories will be established by a sequence of
proportiénal Qire chambers. Two éets‘of these will be situated before

the maénet and three sets.beyond. The chambérs will have'deéensitize&
regions where the primary‘béam traverses them and also for excessive
azimuthal angles; we will hold the azimuthal‘acceptgncg_nearly constant
over the range of production angles. We ha&e been building proportional
chambers at U. of W. for.another experiment and have successfully de-
sensitized regions of the chamber without affeéting the wedge-shaped
useful region. Despite our own development program we would hope to be
abie to use the chambers which will éresuﬁébly have been installed in sﬁéh
‘a spectrometer. Proposal 50,for example,calls for chambefs of a size

and spatial resolutiqn‘very well suited to our purposes; their chambers
alréady exist; We need chaﬁbers with a maximum dimension of about

24 ihches and with a spatial resolution of about 0.7 mm. .If this resolu-
tidn_cannot be achieved with a single wire plane we would consider stagger-—
in§ planes which do not.add much to cost of regdout and do not materiaily
increase multiple.scattering. It is omly near the forward.direction that

we have severe requirements on resolution.

- ¢) The Cerénkov counters are expected to distinguish between secondary

pions and kaons over a very wide range of momenta. ‘It will not bé possible

' to cover the entire range at a single gas pressure using only three

Cerenkov coﬁnters so we plan to take several runs changing only gas preésure.
No ﬁore than three runs should be needed to cover the requisiﬁeArange,
althoﬁgﬁ this depends somewhat‘on the length and qﬁality of. the Cerenkov

counters. We have made the conservative assumption that the number of
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photoelectrons per cm (Ne) is giVen by_lOO sinze and have prépared charts
shéwing the momentum range that can be covered; ' The momentum range is
limited on fhe low end by requiring some minimum number 6f photoelectrons -
. from pions, and on the upper énd by.the onset of the kaoﬁ threshold.
These curves together with the required indeﬁ'of refractiqn (d = n-1)
are shown in figure 3 . We conclude that the counter couid be made to
work in the ranges 10-20 Gev, 20-40 Gev, 40-60 Gev. The'lqw_momentum
counter can work simultaneously in the ranges 1.5 to 4; 4-9:‘9—11; Onl&
‘pértvof thié momentum range is needed for any one value of incidénf
momentum; see figure 2 5. We shall be able fo use the pion and kaon
counters discussed in Proposal 61 for deteétion of secondary pions and
kaongin the upper mcmentum ranges and will provide a low moﬁentum frecn
filled counter in addition. The Cerenkov counters will have to be de-
sgnsitized along the beam direction, for producfion-angles less than

- about 3 mrad.,vand'for large azimuthal_angleé; _this should be possibie
with the use of an optical sepfum or baffles. If theée preéautions.are

taken we don't expect a significant number of multiple tracks.
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d) An elaborate Monte Carlo program has jeen written to simulate inclus-

ive scattering. Events are'generated with ﬁultiplicities given by a Poissdn

disﬁfibution with the mean appropriate to the ehergy. For'each'channel
longitudinal and transverse momenta of secondaries are chosen ffom distri-
butions-obtained from existing accelerator data; the éharged secondaries
.are traced through the apparatus. More detailed data éhould be available
sooﬁ and we plan to refine the calculation but present indications are

thaﬁ the number of events with multiple tracks within the sensitive area
_of the proportional chambers or Cerenkov counter is less thaﬁ 5%. Figure 4
‘shows a'typical'distribution of secondaries in a chamber before magnet.

Thé cﬁaracteristics of this sort of background (which comes largely from
the secondaries of a single inﬁeracfion) can be studied in detail with the
proPortionél chamﬁers and we will certainly not have a systematic error
from this source as big as 1%. The beam intensi%y will be-ﬁeld to 106 per
second (about .7 x 104 interactions per second)_so acciaentai backgroﬁnd in
pfoportional chambers {assuming even SO nsec resolution) is no problem.

The real multiparticle backgrouﬁd,is kept‘down by a limitea azimuthal angle
ceétance of about 2%. Sihce mu1tié1icity doés not grow very fast with
energy (log s) existing data‘gives a fairly ;eliable picture. Background
is dependent on beam spot size and we would prefer to reduce it as much as
possible, even at the expense of some reduction in intensity. Correlations
‘in-secondaries near the forward direction caﬁ be sﬁudied with the spectro-
meter in its normal position and will be used to provide corrections for.
ﬂultiple tracks. The beam itself will go.thfough-the spectrometer for

precise angle calibration.

ac=
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We can estimate the time required for data taking on the basis of 106

pions per second and a two foot target. We will need three magnét pqsitions
to covér the angular range and three Cerenkov preséure settings for each
run. Data will probably be taken at about four ér five beam energies from
50 Geﬁ to 170 Gev. The enérgies to be run can be aetermined after more
e#isting data has been eﬁaluated. Appfoximately 104'evehts per hour will

be accepted. A five hour run for each condifion should be adequate for
pions while fof kaons poérer_statistical accuracy will be tolerated.
Assuming a total of sixty runs, permitting some extra enérgies in the most
interesting region we would use 300 hours for'data taking. Adaing to this
some éheckoﬁt time for items specific to this experimené and some time for

contingency we would expect to need’ 350 hours of beam time.

_Concludihg Remarks

We wish to emphasi;e that the-proposed experiment is a direct extension
of the measuremeﬁts we are now preparing to:do,lgt SLAC, at_8, 12 and.16 Gev/c.
The same group, augmented in size, uéing some of the same instrumentation and
.the.same déta-handling techniques, would carry out measureﬁents from SOVto
170 Gév/c; The ranée'of kinematic variables to be éovered is eithef the -
same (in the sense of Féynman ér Yang*) or wider, at the NAL energies. We
do not pfopose a survey of inelastic reactions - that will be available
from bubble—chamber studies - but an accurate set of ﬁeasurements over a
region selected in such a way as to have a maximum impact on the emergihg
picture of high-energy hadronic interactions. It is fortunate that this
region can be éovered, at NAL, using facilities which will already be preseﬁt

" for experiments 7 and 61, with only two changes of magnet position.

..

* . .

" C. N. Yang has recently pointed out that the scaled variable "X" is _
" appropriate to his'limiting-fragmentation" pigture even though he does not
emphasize the center of mass. Phys. Rev. Letters 25, 1072 (1970).
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' NAL PROPOSAL No. 23-A
Addendum to NAL Proposal 23-A
Correspondent: J. E. Rothberg
' - - Physics Department
University of Washington
Seattle, Washington 98105

FTS/Off-net:  206-583-0111
© F13-2100

Inclusive mp and Kp Scattering
(Revised Version of NAL #23)

'H. Romer, J. E. Rothberg, R. W. Williams, K. K. Young

University of Washington

July 22, 1971



Your letter of 7 June indicates»fhat immediately following the
completion of experiment 7, Meyer's equipment could be used for a
few éhort experiments if a computer were made available to replace
the computer which mustAbe reﬁurned to ANL. We had indicatéd in
propbsal 23A that our computer system will bé available for this experi-
ment. We.will make this computér'available for other short experiments
in the interval between experiments 7 and.61.

The core of our system is a Hewlett Packard 2115A coﬁputer {8K)
(16 bit word memory, 2 micro sec.-cycle time) with

a) two magnetic tape units (HP 2020, slow; Potter 2648, fast)

b) teletype

¢) fast paper—-tape reader

d) a SAC spark-chambered data acquisitién system (MIDAS)

-e) a software-controlled multiplexer of our own design (very
~ flexible)

f) CRT display
This system is well matched to make a switchover from experiment 7
to experiment 23A‘as experiment .7 also uses the SAC spark-chambered
data.acquisition system for piping all of their data into-thei;
Aigonne EMR6050 computer. We have been in contact with the Michigan
people to determine that a switchover from:their computer to our
computer could be done quite expeditiously; Should we be approved to
do experiment 23A, we shall exercise the switchover of the computers
well in advance of the actual date of the experiment. Figure 1 is
a schematic 6f the data écquisition éystem of exﬁeriment 7. The
figure shows how the computers can. easily be changed from the EMR

6050 to the HP 2115A. It requires switching one 18-pin cable.
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W. Baker indicates that making sPace.available at the E7

experimental site for-testing the HP 2115A should be easily accomplished.

Needs from PREP

NAL E7 will have from PREP: . a) 20 scaler channels, b) 40
~discriminator channels and c) a 564 scope. We shall need this apparatus

- for P23A. E7 w1ll leave the electronics in tact for the use of P23A.

Changes to Experiment 7 for 23

Besides'the'possibility.of.SWitching computers, we will also:

a) change the angle of the detectors downstream of. the
- spectrometer magnet.

" b) mask the Cerenkov counters. The system will be worked
- out for experiment 7. Also we will try it out on the

short Cerenkov counter which we will bulld for this
experlment.

c) installatlon of a scattered particle hodoscope (¢8_e1ements).

These are shown in Figure 2.
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NAL Proposal 23A

Inclusive 7p and Kp Scattering
(Revised Version of NATL #23)
H. Romer, J.E. Rothberg, R.W. Williams, K.K. Young,
University of Washington

S May, 1971

Abstract: Our provosal to do inclusive scattering in the wee-x
and positive-x region is revised tec take advantage of the nearly
total compatibility with NAL Exp. 7, elastic 7o scattering.

We show that the basic results offered by inclusive scatter-
ing experiments can be obtained by an increment of less than
four weeks at the end of Exp. 7.

The scheduled experiment on 7p elastic scattering, #7, leads by a
natural extension to a powerful and very interesting body of data on
inclusive reactions, ﬂip+ﬂ+anything, with simulataneous information on
Mp*K and K p27 (X} inclusive reactions. Our proposal (NAL #23), with
supplement of Nov. 16, 1970, emphasizes that inclusive scattering at
high energies is expected to be a main road to new insigh%s about the
structure cf hadrons and that the data is easily and quickly acgquired.
Very recently there has been a guite impressive cutpouring cf dheoretical
interest in these processes; we discuss this briefly in the Appendix,
and give a partial bibliography.

The emphasis of this note is that with careful planning the major
objectives of Proposal 23 can be achieved with the forward arm of the
Exp. 7 setup, used nearly intact, in less than four weeks'extra time
at the end of Exp. 7's run. We have explored this idea in somz detail
with various members of that experiment, especially with Prof. D. 1I.
Meyer. Experiment 7 will obtain data in the resonance region of nearly-
.elastic scattering. We focus instead on the large-energy-loss region
which is related to the "decp-inelastic" region of lepton scattering.

In terms of the parton picture, one is exploring the constituents of the
hadrcens. ’

The kinematic regions of interest for single-particle spectra in
Tp or Kp inclusive scattering are: a) The positive-x region

(x=(pﬁ'/pincident)cm) supposed to represent fragments of the beam

particle; b) The negative-x region, fragments of the target; ¢} The
wee~x or "piconization" region, near x=0, setting in at about

D4 +M
pgg /
ing, region. The arrangement of Exp. 7, which has the incident beam
passing down the side of the magnet averture, is ideal for regions ({(a}
and (c). The principal changes from the Exp. 7 setup, in addition to

L
] ‘ \{-. This is the trickiest, and prcbably the most interest-
x|
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switching off the recoil leg, are to accomodate secondaries of low
momenta and both signs; and to increase the production-angle range.

We would accenplish the first by adding a third Cerenkov counter to

the two now planned in the Exp. 7 detectien scheme; this third counter
is quite standard, a l-meter 5-atmosphere Freon counter which discrimin-
ates T's from K's in the <10 GeV/c region (see Supplement to Proposal
23 for details). The second change, to obtain larger angular and momen
tum acceptance, would be in two steps: '

a) With the elements of Exp. 7 essentially intact, run with the magnet
set to bend the desired secondaries toward the beam; this is sometimes
called "kinematic focussing", and collects a large band of longitudinal
momenta with p, near a selected value. The maximum production angle
in this position wculd be 40 mrad giving much of the x> wee-x region.
Call this Position I. ’

b) Move the target to 1.8 meters from the front face of the magnet,
Position II, (Fig. 1)}. This permits up to 200 mrad for the low-momentum
particles, and it can be seen (Fig. 2; see also the Supplement) that the
remainder of the x region to x=-.04 for 150 GeV incident T's, or x=0

for 50 GeV/c T's, is covered.

To be able to run off a good experiment on inclusive scattering with high
efficiency in a short time, we must use the Exp. 7 equipment with as few
changes as possible. The University of Michigan-Argonne-NAL group has
indicated that everything in their set-up which is under their control
would become available to us. The Argeonne 6050 computer, however, might
be urgently needed at Brgonne. Our.own wire—charber system (now in use

in our inclusive Tp experiment at SLAC) utilizes an SAC wire-chamber data
system into a Hewlett-Packard computer (we plan to upgrade this to a 2116).
The U. cf Michigan uses the same SAC system. We would work out in advance
the details of getting the Michigan SAC running cuickly into our computer,
should that become necessary (rates are low enough that we could buffer
all infermation onto tape, using only a medest amouvnt of on-line checking).
In any case we would work closely with the Exp. 7 group before the change-
over.

Changes regquirdéd for Z3A.

The changes required to adapt Exp. 7 to inclusive scattering are the'
following:

1. Cerenkov cocunters. The two long counters now planned for Exp. 7 (20 ft.
and 40 or €C ft.) must have longitudinal vanes installed to prevent particles
outside our azimuthal acceptance from counting. (We rely on a small azimuthal
acceptance, V2%, to rrevent ccnfusion from high-multiplicity events). These
vanes are simple flat surfaces of any light cpague material. We plan tc

test the vane system in advance. 1In additicn, the low-momentum Cerenkov
counter must be installed behind the last wire chamber. A hodoscepe to

assist in triggering may alsc be installed.
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Finally, the choices of particles and signs: in the incident beam, K's
and 7's will be tagged so we have both at once. In the spectrcmeter we tag
m's positively, with less accurate identificaticn of K's. A principal
" objective is the comparison of the F's for different particle combinations,
Excellent data on pp*Tm will be available from NAL Exp. €3. The four
charge combinations available to us {+ ++, +~, —~, —=) all should have
real differences, particularly vhen the question of exctic channels’s9Y jg
raised. We find that our own questions, and those raised by references
7 and Sr, will essentially be answered by doing conly the first three, which
is what we propose.

Run Plan.

From the foregoing, we have 2 target positicns, 2 energies, 3 magnet
settings (p, banés), and 3 charge combinaticns, fcr & total of 26 runs.
With 10° picns per pulse we expect an av erage of (5-10)x103 events/hour.

T+ data with statistical accuracy comparable with our SLAC experi-
ment would require runs averaging 8 hours for a total of 300 hours of beam.
Rdding the chargecver and tuneup time of 6 days, and target-moving time
of 2 .days, we propose to have all the data in 3% weeks from the end of
Exp. 7 data-taking.

We request a decision now, since we tchould work closely with the
Exp. 7 pecple as their plans take final form.:



APPENDIX -

RECENT DEVELOPMENTS IM EYPZRIMENT AMD PHENOMENOLOGY IN MULTIPARTICLE
PRODUCTICH. : ‘ '

Alberto Pignotti

‘University of Vashington

_ The interest in inclusive experiments has increased steadily during
the past yvear and a half. This new trend probably originated at the

1969 Stony Brook Conference cn High Energy Collisions of Hadrons, where
R.P.-Feynman1 and C.¥. Yarg and collaborators? discussed regularities

that they evpected to be found in the spectra of particles produced at
high energy. Of course, there had bzen earlier discussions of such
experiments in tha framework of various models, but the new ideas injected
a refreshing fecling of simplicity in the intricate world of strong
interactions. '

Simplicity is, indeed, the attractive feature of inclusive experiments
for measurement as well as thesoretical interpretation of the results.
A typical exclusive experiment at NAL encrgies will depend on roughly
twenty variables, whereas a single-particle distribution depands only
on three (If the scaling hvpotheses of Feynmanl and Benecke et al.“ hold,
only two variables will suffice to describe single-particle distributions
at high energies.) 1In addition, because of the proliferation of chanpnels
at high energy, each exclusive process -~ except, probably, the elastic one -~
becomes a small fraction of the total cross section. Furthermore, most
channels contain neutral particles, that are difficult to detect. Because
of these difficulties and the paucity of inclusive data, we have, in
recent months, observed that several experimental groups have reanalyzed
0ld bubble chamber experiments in an inclusive way.3 This is not, of
course, the most economical way to obtain inclusive information.

In spite of its simplicity and the amount of theoretical effort that
has gorne into the subject, inclusive experiments, and, in varticular,
single particle distributions, are bv no means fully understocd. This
is partly so because the enerqgies of existing accelerators are not hicgh
enough, and can only suggest some trends. As an example, it is instruc-
tive to compare the predictions of Bevaman'’s scaling law with those of a
recent CERN preaprint by.Cocconi.d in which the ten-vear-old model of
Cocconi., Xoester and Perkinsdis reexamined. Whercas Fevnran scales the
c.m. longitudinal mementum of the produced wnicns by the total c.m. energy,
(except for a kinematical factor that does not scale this wav), Cocconi
scales the same cuantity by the scuare reot of the tectal c.m. energy.

We thus have two fundamentally diffsrent medels, both of which are
compatible with present data, and only experiments at higher energies
can discriminate ketween them, and, in doing so, throw light on some
basic asvects of strong interacticns.
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The theoretical interest in inclusive experiments has received
further impulse as a consequence of the work of Mueller®, which relates
the high-energy hehaviour of inclusive crcss sectiens to Regge behaviour.
Some proparties that follow from factorization of Regde residues and from
the presence of channels with exotic cuantum numbers have been discussed
by Hong-Mo Chan et al’/, and by Veneziano.®  The anount of theoretical 6-0
work in inclusive vrocesses in recent months has become guite impressive. 7

As a final consideration, we would like to discuss an argument of
Kenneth Wilson,lo which shows an advantage in using an incident beam of
pions, rather than protons. In the:case of an incident proton. pions do
‘not tend to be produced with velocities larger than the proton velocitv.
This is a dynamical statement, which is verified exgverimentally, and can
be reproduced in various models. (By the same tcken, with a proton target,
rather fast backward picns are kinematically allcwed, but not ofiten produced).
If we therefore assume the final pien velocity to be limited by that of the
incident proton, and its transverse mcmentum to ke of aprroximately 300 MeV/c,
the final pion longitudinal momentum is forced to ke less than 1/3 of the
momentum of the incident proton. No such limitaticn exists for an ineident
pion. Therefore, at comparable energies, an incident pion is more effective
at producing more pions: -the longitudinal "cloud" cf Zinal pions stretches
out more, and there is a chance of observing asymdtctic effects that could
only be observed at proton energies roughly three times as large.
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